Behavioral stress is known to promote tumor progression in experimental models, but the role of behavioral stress in cancer initiation is less clear. In this issue, Hassan et al. focus on the signaling and biological effects induced by stress hormones that lead to tumor cell evasion from apoptosis, resulting in prostate cancer progression.
tion of tumor suppressor genes), proteases such as MMP2 and MMP9, dihydrofolate reductase, and GAPDH. In addition, many studies have demonstrated the inhibitory effects of EGCG on membrane receptors, such as IGF-1R, EGFR, and HGFR, by direct binding, inhibiting ligand-receptor binding, or inducing internalization of the receptors into endosomes. Of particular interest is activation of the 67-kDa laminin receptor (67LR), the focus of the current paper by Kumazoe et al. (8) . Laminin-1 is the major glycoprotein of the basement membrane and is recognized for its roles in cell adhesion, differentiation, proliferation, and migration as well as tumor growth and metastasis (9) ; the mechanism of 67LR signaling is not well understood.
Synergistic action between EGCG and vardenafil in inducing apoptosis
Binding of EGCG to the 67LR (K d , 0.04 μM) was first observed by Tachibana et al. using a surface plasma resonance assay (10) . Expression of the metastasis-associated 67LR increases the responsiveness of MCF-7 cells to low micromolar concentrations of EGCG (10) . Furthermore, silencing of 67LR abrogates EGCG-induced apoptosis in multiple myeloma (MM) cells (11) . Recent studies by this group elucidated the critical role of 67LR in mediating antiinflammatory action of EGCG on macrophages (12) . The present work by Kumazoe et al. showed that the activation of 67LR by EGCG in primary MM cells and in MM cell lines (U266, ARH-77, and RPMI 8226) resulted in elevated levels of cGMP, which initiated apoptosis through the activation of PKCδ and acid sphingomyelinase in a novel death pathway (8 (5) . Whether EGCGgenerated ROS can induce cancer cell apoptosis clinically remains to be investigated.
The multiple phenolic groups of EGCG can serve as hydrogen bond donors to many biomolecules. For example, EGCG was demonstrated to directly bind to the antiapoptotic B cell CLL/lymphoma 2 protein, resulting in induction of apoptosis (6) . Several EGCG binding or target proteins have been identified, including vimentin, IGF-1 receptor (IGF-1R), glucose-regulated protein 78 kDa, and peptidyl cis/trans isomerase (4, 7). Each of these proteins was shown to be important for the inhibitory activity of EGCG in the cell line used for the study, but the effective EGCG concentrations were much higher than the K d values for the EGCG-protein binding. EGCG has been shown to inhibit the activities of a variety of enzymes. These include some of the MAPKs (leading to inhibition of AP-1), DNA methyltransferases (leading to the demethylation and reactiva- Green tea, a popular beverage made from the leaves of the plant Camellia sinensis, has been studied for the past 25 years for its cancer-preventive and therapeutic activities. Green tea preparations have been shown to inhibit tumorigenesis in animal models for cancers of the lung, oral cavity, esophagus, stomach, small intestine, colon, skin, liver, pancreas, bladder, prostate, and mammary glands (reviewed in ref. 1). Most of the inhibitory activities have been attributed to the major and characteristic tea polyphenol, (-)-epigallocatechin-3-Ogallate (EGCG) (Figure 1) . EGCG is an antioxidant with strong binding affinities to biological molecules, but has only limited systemic bioavailability when ingested orally. After consumption of the equivalent of two or three cups of green tea, the peak plasma levels of EGCG are usually 0.2-0.3 μM. With high oral doses of tea polyphenols (e.g., 800 mg EGCG per day), a peak plasma level as high as 3.5 μM has been reported (2). In black tea, the levels of EGCG are only 10%-25% those of green tea because the monomeric tea polyphenols are polymerized to form theaflavins and thearubigins, which have little or no systemic bioavailability. Thus, consumption of green tea is frequently associated with decreased risk for gastrointestinal tract cancers, whereas intake of black tea is rarely associated with such a benefit (3). patients are taking PDE5-selective inhibitors after prostatectomy to treat erectile dysfunction. If their cancer samples overexpress 67LR and PDE5, it would be interesting to determine whether taking an EGCG supplement or a green tea beverage would prevent prostate cancer recurrence.
Because the 67LR-death signaling concept (8) is novel, additional confirmatory research from different laboratories is needed to further substantiate this pathway and answer some fundamental questions. For example, how does EGCG activate 67LR? Previous publications by the Tachibana group reported the binding of EGCG to 67LR (10) and the induction of membrane lipid raft clustering by EGCG in MM cells (16) . Although the binding between EGCG and 67LR could be a specific action, alteration of cell membrane structure by EGCG may be a nonspecific event that requires a large amount of EGCG to affect all types of cells, which is unlikely to occur in vivo. What is the relative importance of the different actions proposed for EGCG (Figure 1 )? This may depend upon context, and the actions triggered by lower concentrations of EGCG are likely to be the most relevant in vivo. The fact that combination treatment with vardenafil decreased the effective concentration of EGCG to 1.4 μM (8) makes this therapeutic approach more attractive. Nevertheless, the relative importance of these proposed mechanisms still needs to be further investigated.
In clinical situations, a combination of EGCG and vardenafil may kill cancer cells expressing 67LR and PDE5. However, there may also be cells with lower levels of 67LR that can be activated by EGCG. Since 67LR is known to play vital roles in cancer progression, metastasis, invasion, and drug resistance (9, 17) , whether the activation of 67LR by EGCG promotes cancer progression will need to be investigated. both 67LR and PDE5 (8) , reducing the chances of side effects of EGCG. The vardenafil dose used in the xenograft experiment (5 mg/kg every other day; ref. 8 ) was close to the clinical dose range for patients with erectile dysfunction, calculated based on body surface area (14) , even though the vardenafil concentration used in cell culture (5 μM) was much higher than the peak plasma levels (15 nM) observed in patients after taking 10 mg vardenafil (15) . More studies on the dose-response relationship of the synergistic action are needed.
In addition to MM, overexpression of both 67LR and PDE5 was also observed in some gastric, pancreatic, prostate, and breast cancer samples (8) . EGCG, a principal constituent of green tea, and PDE5-selective inhibitors, commonly used to treat erectile dysfunction, are readily available, and the proposed combination approach may have broad applications. Whether this therapeutic combination can replace established modalities remains to be determined. Nevertheless, the combination of these two agents might be useful after tumor resection to kill the remaining cancer cells and prevent recurrence. Many prostate cancer other PDE5-selective inhibitors: zaprinast, methoxyquinazoline (MQZ), and sildenafil (Viagra). The authors used shRNA, neutralizing antibodies, and enzyme inhibitors to demonstrate the involvement of these key receptors and enzymes in the synergistic action. This impressive synergism was also shown in MM MPC-11 cells and breast cancer MDA-MB-231 cells in a xenograft model as well as in vitro in some gastric, pancreatic, and prostate cancer cell lines. Overexpression of both 67LR and PDE5 was observed in these cell lines (8) .
Clinical implications and open questions
Although EGCG has previously been shown to induce apoptosis of a variety of cancer cell lines (4), its clinical application is limited by low bioavailability. When high doses of tea polyphenols (e.g., 1-2 g EGCG, twice daily) were used for the treatment of chronic lymphocytic leukemia (CLL), hepatotoxicity was observed in some patients (13) . The novel approach of combining EGCG with vardenafil to selectively inhibit PDE5 significantly decreased the lethal dose of EGCG for cancer cells that overexpressed
Figure 1
Proposed mechanisms of anticancer action of EGCG. The mechanism by which EGCG exerts its antitumor actions is unknown, but may involve one or more of the actions illustrated. EGCG can act as an antioxidant, reducing ROS and inhibiting cancer development, and paradoxically may promote the production of ROS in cancer cells and induce apoptosis. EGCG is also known to bind and modulate the activities of enzymes, receptors, and signaling molecules that affect cell growth and proliferation. Activation of 67LR by EGCG and inhibition of PDE5 activity by its inhibitors synergistically induce cancer cell apoptosis (8) . DNMT1, DNA, methyltransferase 1; DHFr, dihydrofolate reductase; HGFR, HGF receptor; Bcl-2, B cell CLL/lymphoma 2; GRP78, glucose-regulated protein 78 kDa; Pin1, peptidyl cis/trans isomerase.
